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:'.L .. 1. i ABSTRACT 
The fate of fatty acids from marine algae and 
cordgrass {Spartina alterniflora Loisel) wai studied in 
.the surface sediments of a New Jersey tidal marsh. Long 
chain unsaturated fatty acids were detected in the algae, 
and of these c20 : 2 ' c22 :l' and c22 : 2 were most abundant. 
Within associated sediments, relative abundance of un-
saturated acids decreased markedly and was accompanied by 
the appearance of the saturated acids c20 :0 and c22 :o· 
These long chain saturated fatty acids apparently formed 
within the surface sediments by transform~tion of unsatu-
rated acids of corresponding chain length. Significant 
contamination from other sources, such as marsh plants o.r 
marine animals·, can.be ruled out. c16 : 0;c18 :0 ratios of 
t~e living materials and associated sediments studied 
similarly reflect this conversion. Leaves and stems of 
the cordgrass contained no detectable c20 :0' but did con-
tain c22 :0' c23 :0' and c24 :o· _ Transformation of unsaturated 
long chain fatty acids to the saturated state renders them 
more likely to persist over geologic time, and perhaps to 
contribute to the genesis of,,petroleum. 
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INTRODUCTION· 
The fatty acids found in semi-marine sediments are 
'· of significance because they relate. to the origin of cer-
, 
tain types .of petroleum. Reed (1969) noted that low-wax 
oils are commonly associated with open-marine deposits, 
and that high-wax oils are commonly associated with con-
,. 
tinental, semi-marine, and nearshore marine deposits. 
Collecting data on the stratigraphic associations of wax-
rich petroleums on a world-wide basis, Hedberg (1968) found 
"" 
that such deposits include a contribution from terrigenous 
organic substances or from organic substances derived from 
organisms inhabiting waters of less than normal salinity. 
High-wax oils may therefore reflect both the depositional 
environment of the source bed and the original nature of 
organic materials from which the petroleum is derived. 
The most significant contribution of longer chain 
fatty acids (those with carbon skeletons containing 20 or 
more carbon atoms) is believed to be derived from the waxes 
of terrestrial plants. Biederman (1969) and Miller (1972). 
maintain this view, 1stating that there is little evidence 
that bacteria or planktonic creatures can supply enough 
long chain fatty acids to account for the long chain car-
b,on compounds that characterize high-wax petroleums. In 
contrast, it should be noted that unsaturated fatty acids 
2 
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I· 
containing· 20·,· .22·, and 24 carbon' atoms are quite common 
in marine fishes and in other marine organisms (Bergmann, 
19 6 3) • It has been the general belief that such unsaturated 41' 
. 
compounds are unstable and may not survive long after death 
of the organism (Eglinton, 1968). 
The literature concerned with the fatty acids found 
within the salt marsh environment is sparse. Miller (1972) 
studied the distribution·of even-numbered long chain fatty 
acids in the Aucilla tidal marsh of Apalachee Bay, Florida. 
Results were compared with the tidal marsh river, estua-
rine, and estuarine-bayou environments. The data indicate 
that the tidal marsh represents the.greatest concentration 
of organic substances within these environments, and that 
marsh plants are the most significant source of long chain 
fatty acids. These fatty acids apparently are derived 
from marsh plant waxes. The lower molecular weight fatty 
acids identified are attributed to marine phytoplankton, 
zooplankton, microbes, and ter.restrial organisms. 
Working with the lipid fraction of organic matter 
collected from the salt marsh at Stone Harbor, New Jersey, 
'Biederman (1962) found that the marshes represent a great 
enrichment in saturated organic compounds relative to the 
nearby lagoon. He .goes on to suggest that the most likely 
future so·urce bed for petroleum at Stone Harbor is the 
marsh, and that the coarse sediments of the larger lagoonal 
channels, tidal deltas, and the barrier island represent 
3 
., } _, ... :~,;..,_._( ,·,< ' 
. . - . the most ·lik-ely future reservoir structures. 
Furthermore, Attaway et al. (1970) pointed out that 
'', 
• - -,. , •• - ~ ' • •• ' " •• -. ~ .... ,. - , • ~~ I 
shallow lagoona.l "environments also may represent great 
" 
accumulations of organic substances over geologic time. 
Reducing conditions prevail in these environments in near-
surface sediments, and these sediments may be protected 
from erosion by barrier islands, so organic substances may 
be preserved that may eventually contribute to the genesis 
of petroleum. 
It seems reasonable to assume that further study of 
the fate of organic substances in these coastal environ-
ments may help elucidate steps leading ultimately to the 
gener~tion of petroleum deposits. Fatty acids seem to 
many authors to be_ significant precursers of petroleum 
(Phillipi, 196.8) , and therefore this study of their fate 
in the sediments of a present day reducing environment may 
be Of interest to others. 
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DESCRIPTION OF SAMPLING AREA 
. I 
The well known coast of New Jersey is characterized 
by long barrier beaches which protect lagoons·and salt 
ciarshes. The salt marshes occur as a fringe along the 
mainland averaging a mile in width. Inland, the salt 
marshes. grade into fresh-water marshes and wooded swamps 
behind which lie pine barrens. Salt marshes occur along 
the landward margins of some barrier beaches and on 
islands within the lagoon. Muds and peats are the major 
sediment types, and grasses are the major vegetation. 
Emery and Stevenson (1957) discuss the zonation of 
vegetation in a typical New England salt marsh. Spartina 
alterniflora forms the lower margin of the salt marsh • 
. 
Below this margin is a narrow zone of barren mud that ex-
tends to low tide where various algae may "live if wave 
action is not severe. Above the Spartina alterniflora 
zone, Spartina patens occurs. Starting higher than the 
normal high tide line, Juncus is the representative vege-
tation, which in turn is succeeded by Panicum virgatum 
growing in a zone where only exceptionally high tides pene-
trate. Further up and beyond the marsh proper are the up-
land shrub border and the upland forest. In the marshes 
·-
of New Jersey, pine barrens are found above the marsh 
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Sampling of vegetation ·was carried out at Coneys 
Marsh near Marmara, New Jersey. This _ar~a has been pre-
viously studi~d in terms of v~getation zonation by 
Ferrigno (1966). Though the·entire marsh.comprises 61 
acres, sampling was restricted to a representative area 
less than an acre in extent (Fig. 1). 
Ferrigno noted that tall Spartina alterniflora is 
found just above the muddy tidal flats and mud banks of 
salt marsh channels, and is restricted to the elevation 
zone one to two feet below mean high tide. With increas-
ing elevation, the cordgrass becomes prog~essively shorter. 
Short S. alterniflora occurs in zones elevated about a 
half-foot above the mean high tide line, and is quanti-
tatively dominant at Coneys Marsh. The livings. alterni-
flora used for fatty acid determination was of this varie-
ty, as it probably reflects the greater part of the contri-
bution of organic substances to the marsh as a whole. In 
zones perhaps one or two feet above the mean high tide 
mark, tidal Spartina patens is the most characteristic 
vegetation. The most elevated portions of the marsh are 
dominated by Phragmites communis. This vegetation zona-
tion is similar to that noted by Daddario (1961), and by 
82> 
Force (1968) in the Tuckerton Marshes of New Jersey. 
Within the thick grass cover are depressed, gener-
ally inundated zones which are free of marsh plants. These 
• 
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Study area at Coneys Marsh, Marmara, 
New Jersey. 
,_,_,,<,·,·,,., ........... "f' 
...... 
. -
" 
' , ' '• •s,•" , • " ' ·, •\; ''" .- . . •- ~ ' 
-..~ .... ¥.._~--~.,.~•..,,,>"""'• ... ~--. ,.~------.... ,,.._.,..._,._,l'!..,,,,..,Ho• 
---·----- 'I-·-·--~---·------~-----. ,·-:··2,·"·._/···~.-.·.,--_.,_ .. __ - ~~.- -----~~~ - --~--- ,-_ .!.._,------·-----------~-·------~ "">C'" -·-- •,,. ---------·-·""'"'---..:::;-•• - .......... ,..,., •• """·---~·----···-- --·-···-·- -
_.,_. 
:~ 
" 
' 
pools are generally floored with, oi 6ontain. 11oating algae 
~f various species. One such pool at Coneys· Marsh was 
--~ampled for an apparently unialgal floating bloom that was 
contributing organic substances to the-sediments directly 
below. . ' 
Samples-were collected with a Hvorsiev coring device 
·and were frozen as soon as possible after collection. 
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CHEMICAL PROCEDURE 
Extraction'and Separation 
I 
_, 
. J .: . 
,·· 
The isolation procedure was derived from the work 
of Parker and·Leo (1965) with some modification. The I . 
initial step involved the extraction of.the lipid fraction 
of the living material or sediment. _The term "lipid" 
usually is used to denote biogenic organic compounds which 
are chemically related to fatty acid esters, which are 
soluble in the common organic solvents, but which are 
relatively insoluble in water (Bloor, 1925, Bergmann, 
1963) • 
An aliquot of the homogenized frozen sample was 
removed for determination of water content, and the re-
mainder of the sample was extracted with MeOH heated over 
a steam bath and stirred for 15 minutes. This extraction 
procedure was repeated with CHC13 and finally with a wash-
ing mixture composed of equal volumes of MeOH and CHC1 3 • 
Completeness of extraction was checked by exhaustive ex-
traction by refluxing with MedH for 24 hours in a Soxhlet 
extractor. 
Extracts were combined, filtered, and slowly evap-
-orated on· the steam bath. The final stages of evaporation 
were carried out under a stream of dry N2. to avoid possible ~ 
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autoxidation of unsaturated. fatty acids (Stein et al., 
1967). The residue was taken up in ~a~13 and washed three 
times with lN HCl in order to remove dissolved inorganic 
sa,lts. An aliquot of the lipid fraction was taken for 
determination of lipid fraction weight. 
The chloroform .. solution was reduced in· volume by 
.., ..... , ... , 
evapor~tion and then transferred to a round-bottomed boil-
ing flask where final evaporation was carried out under a 
stream of dry N2• The lipid fraction was then saponified 
with lN alcoholic-KOH by refluxing for approximately 45 
minutes over the steam bath. The basic saponification 
mixture was extracted three times with hexane in order to 
remove impurities. Following this step, the saponifica-
tion mixture was acidified by the dropwise addition of con-
centrated HCl until the pH was between 1 and 2, as measured 
by pH paper. The acidified mixture was extracted three 
times with hexane, the hexane extracts were combined and 
then washed three times with distilled HOH. It was found 
.that foaming during this separation could be prevented by 
temperature reduction. The hexane extract was evaporated 
under dry N2 to yield the nearly pure fatty acid fraction. 
Preparation of Derivatives 
~ .. •"'. - . ;'.· 
Before identificatio·n of fatty acids can be carried 
.. 
out, using gas-liquid chromatography, they must be con-
verted to methyl esters. Acids or bases may be used as 
10 
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esterification rates are similar, but the tendency has 
been towards the use of acids to avoid possible side-
reactions in basic solutions (Stein et al., 1967). The 
esterification technique of Metcalfe et al. (1966) was 
employed. The fatty acid fraction was transferred to a 
test tube and boiled for two minutes with excess _BF 3 (10%. 
BF3 in MeQH). Etching of the test tube's rim was a reli-
able indication of the strength of the BF3 solution. The 
. . -
esterification mixture was quantitatively transferred to 
a separatory funnel containing distilled HOH. The fatty. 
acid methyl esters were then extracted with petroleum 
.. 
ether and washed with distilled HOH until neutral. Quan-
titative transfer of fatty acid methyl esters to a 1.0 ml 
volumetric flask was accomplished after reduction in vol-
ume at room temperature using a stream of dry N2 ~ Evapora-
tion of solvent was carried to completion and the pre-
weighed volumetric flask was weighed again to determine 
the weight of fatty acid methyl esters. 
As noted by Stein et al. (1967), concentration pro-
cedures tend to cause appreciable loss of lower molecular 
weight fatty acid such as c12 :0 and c14 :o· This study was 
primarily.concerned with fatty acids of 16-carbon chain 
length and higher, hence quantitative analysis of these 
hig~~r molecular weight fatty acids is reproducible. 
The preparation of bromine derivatives of the fatty 
acid methyl-esters allows them to be characterized as to· 
11 
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whether or not they arei~nsaturated; Br2 tends to react 
to completion with centers of unsaturation, forming fatty 
acid methyl estei bromine derivatives. Stein et al. (1967) 
noted that little was known concerning such bromine deri-
vatives~ and that some evidence exists that the gas-liquid 
chromatographic process itself may lead to some debromina-
tion. The technique is useful, however, because only- the 
unsaturated fatty·· acid methyl esters are brominated. The 
·introduction of a pair of Br atoms near the center of the 
fatty acid methyl ester carbon chain has the same effect 
on gas-liquid chromatographic retention time as an equi-
valent increase in molecular weight. Therefore, compari-
son of chromatograms before and after bromination will 
·reveal which acid esters have undergone reaction. Those 
that have not reacted can be assumed to be saturated. 
Characterization 
Fatty acid methyl esters were identified and 
measured on a Hewlett Packard, F & M Scientific Division 
Model 5750 gas-liquid chromatograph equipped with a ther-
mal conductivity detector. Matched 8-foot stainless ste~l 
columns were used that contained 10% diethylene glycol 
succinate (DGS) as the liquid phase. The gas phase used 
was He. The chromatograph was run isothermally at 225 
degrees C, and detector temperature was maintained at 
about 350 degrees c. 
... 
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The use of retention times as determined from stand-
ards, the employment of a linear-log plot where standards 
were unav·ailable, the use of internal spiking techniques, 
and preparation of bromine derivatives allowed identifi-
I cation of fatty acid methyl esters from the salt marsh en-
vironment. 
Qualitative analysis was based mainly on retention 
times of fatty acid met}?.yl esters as compared to standards 
obtained from Analabs, Inc. Standards used were the even-
.. -.;; 
numbered saturated fatty acid methyl esters ranging from 
ClO:O to c 28 :o· Unsaturated standards included the esters 
of c16 :l' c 18 :l' c18 : 2 ' and c 18 : 3 , and odd-numbered fatty 
acid esters used were clS:O' c17 :0' and c19 :o· The re-
tention times obtained in this manner were used to set up 
a linear-log plot of carbon number versus log of retention· 
time (Schupp, 1968). The plot of even-numbered saturated 
fatty acids was linear over most of the carbon number 
range, though some slight departure was noted at the lower 
molecular weight end. This is predictable because it is 
only in the higher molecular weight fatty acids that the 
change in polarity of the -COOH group is not significant- -
.. 
ly altered by methylene addition (Stein et al., 1967). 
In order to obtain identification of monoene, diene, 
and triene fatty acid methyl esters, the available stand-
· ards were run several times to obtain an average value for 
retention time. Deviation was minimal. The values were 
13 
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plotted and straight lines were -drawn that paralleled the · 
plot of the even-numbered saturated fatty acids. The re-
liability of this technique in chromatographic analysis 
of unsaturated fatty acid esters and in the case of 
-- --branched-chain fatty acid esters has been demonstrated 
(Stein et al., 1967). Retention times of odd-numbered 
fatty acid methyl esters were observed to fall exactly be-
tween those of the even-numbered compounds, as would b-e 
expected. It was found that the long chain unsaturated 
fatty acid methyl esters isolated from living materials 
and sediments for which corresponding standards were not 
available exhibited retention times identical to those 
predicted by use of the linear-log plot. In most other 
cases, standards were available for coinjection as a fur-
ther check on retention-based qualitative determinations. 
Bromination, already discussed, was used to characterize 
unsaturated fatty acid methyl esters. 
To secure quantitative data, it was necessary to 
measure the area und~r chromatographic peaks and compare 
those areas with quantitative standards introduced under 
identical analytical conditions. The peak measurement 
technique used was that advocated by Schupp (1968). Peak 
area was calculated to be (2.507/2.354) (h) (wh/2), where 
his peak height, and wh/2 is width at half-height. Mea-
surements were taken using a·· 7X . tube-magnifier with a 
retic'le calibrated in tenths of a mm. Reproducibility 
14 
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between duplicate chromatographic runs was found to be 
good. Schupp ooted that some accuracy is lost in the 
measurement of peaks of extremely. short or extr·e~ely long 
. " 
retention time, those-of particularly small area, or 
·those which are poorly resolved. Hitchcock and Nichols 
(1971) observed that gas-liquid chromatographic data are 
• 
normally subject to quantitative errors of perhaps 5%, 
while Stein et al. (1967) presented da~a to indicate that 
the expectable error is somewhat larger and is largely due 
to the techniques employed in measuring areas under peaks. 
Because of the possibility of contamination from 
organic solvents used in the various chemical procedures, 
samples of each were concentrated by evaporation and 
chromatographed. Examination of the chromatographs indi-
cates that contamination from this source is not likely to 
contribute to ~~perimental error qualitatively or quanti-
tatively • 
15 
' .. ,,:.:. .. .,.. ··~ 
.; 
, .
1 
:, 
' 
' 
' ., 
' 
' 
' 
<c ~ 
' 
. ' . 
__,_ 
. ~ -· . ~-· . 
l . 
BIOCHEMISTRY OF PLANT 'FATTY ACIDS '". 
In nature, not all the fatty acids of living plants 
I 
are equally,important, and this has been used as the basis 
of a classification of plant fatty acids (Hitchcock and 
Nichols, 1971). Those which are most widespread are 
called major fatty acids,· those with chemically related 
structures are called minor, and those with unrelated 
structures of limited occurrence are called unusual. 
The major plant fatty acids are defined as those of 
ubiquitous presence. The .saturated and unsaturated major 
fatty acids are straight carbon chain, have carbon chains 
of even-numbered length, and are monocarboxylic. The 
saturated fatty acids c12 :0' c14 :0' c16 :0' and c18 :b 
occur in all plants. The unsaturated fatty acids ClS:l' 
c18 : 2 ' and c18 : 3 also occur in all plants but are general-
ly more abundant. 
The minor acids are structurally related to the 
major acids. They may or may not occur within a given 
plant species, and may or may not be more abundant than 
the major acids. Relative to the maj6r acids, the carbon 
chain of a minor acid r~presents either a lengthened car-
bon chain or a shortened one. This may occur either at 
the methyl end or the carboxyl end of the carbon chain. 
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.The minor acids -are generally of even- carbon. number. As 
in the case of the major unsaturated ~cids with two or 
more carbon-carbon double bonds, double bonds of the minor 
acids occur in relative 1,4-positions (methylene inter-
rupted.structure) •. The most abundant of the saturated 
minor plant fatty acids are c6 :0' c8 :0' ClO:O' Cl?:O' 
c20 :0' and c24 :o· Of the unsaturated minor acids, c16 :L' 
c16 :J' c18 : 4 ' c20 : 4 , c22 :l' and c22 : 6 are often detected. 
The unusual plant fatty acids have structur-es which 
.are unrelated to those of the m~jor·and minor _fatty acids. 
Their uniqueness is determined by the presence of carbon-
carbon triple bonds, position or geometry of carbon-
carbon double bonds, occurrence of substituted structures, 
cyclic structures, or branched structures. The unusual 
fatty acids are commonly restricted to a small number of· 
plant species, or are shared perhaps by the members of a 
genus or family. Where found, however, these acids may 
be abundant. 
i . 
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FATTY ACIDS OF LIVING SALT MARSH CHL·o·Ro·pH-YTE ALGAE 
Approximately 3% of the freeze-dried algal material 
· was found to be solub.le in methanol and chloroform, and· of 
. the lipid fraction, 10% by weight was eventually isolated 
in the form of fatty acid methyl esters •. The chromatogram 
is reproduced as Fig. 2, and the quantitative analysis is 
presented in Table 1. 
The algal fatty acid distribution was clearly 
richer in unsaturated fatty acids than in the saturated 
variety. Ignoring fatty acids present in ~race quantities 
(less than ·0.5%), 65.8% of the fatty acids were unsaturated. 
Significantly, 11.7% of the fatty acid fraction consisted 
of unsaturated fatty acids of 20- and 22-carbon chain 
length. Most analyses in the literature do not include 
data on these long chain fatty acids (e.g., Parker et al., · 
I 
1967) so their geochemical significance has not been wi~e-
ly recognized. 
The distribution of the major saturated and unsatu-
rated fatty acids is typical for algae, though 'it should 
be noted that the fatty acid biochemistry of green algae 
has affinities to the less advanced blue-green algae 
~-
· .. (Hitchcock and Nicholds, 1971), as well as to .the higher 
plants, (Miller, 1962). All ·of the major fatty acids are 
··· present: cl2:0' cl4:0' cl6:0' cl8:0' cl8:l' cl8:2' and· 
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Fig. 2. Gas-liquid chromatogram of algal fatty acid 
extract. Key: a, solvent (n-hexane); b, c12 : 0 ; 
c, cl4:0; ~' cl6:0; E: 1 cl6:l; f' c1a:o;g,c1s:1; h, cc1a:2; 1 ' c20:1; J, cl8:3; k, c20:2; 1 ,c22:1; 
m, 22:2· 
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TABLE 1. s,· FATTY ACIDS OF LIVING SALT MARSH ALGAE 
. ' Fatty Acid . Grams/Gram Sample Per Cent Composition Dry 
10:0* Trace Trace 
-5· 12:0* 2.00 X 10 0.6 
13:0* Trace Trace 
10- 4 14:0* 2 .10 X 6.3 
14:1* 4. 80 X 10-5 1.4 ~-
15:0* 6. 80 10-5 2.0 X 
16:0 6.90 10-4 20. 6 X 
10-4 16:1 5. 22 X 15.6 
18:0 1. 59 X 10-4 4.7 
18:1 6. 50 10- 4 19. 4 X 
10-4 18·: 2 2. 70 8.0 X 
10-4 18:3 3. 24 X 9.7 
20:1 Trace 
10- 5 
Trace 
20:2 5. 40 X 1.6 
22:1 5. 80 10-5 1.7 X 
10-4 22:2 2.28 X 8.4 
*Minimum values·. 
-·:.; 
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c 18 .. 3_.. Of the saturated fatty acids, C is most abun-16: 0 
dant. The c16 : 0/_c18 :0 ratio, whose organic geochemical 
s·ignificance will be discussed later, is 4. 3. This value 
is not dissimilar to other c16 : 0;c18 :0 ratios noted by 
Parker et al. (1967). Of the unsaturated fatty acids, 
.. 
c 18 :l was dominant, followed by c18 : 3 and then by c18 : 2 • 
The amount of unsaturated·l6- and 18-carbon fatty acids 
is greater than the amount of saturated fatty acids of 
corresponding chain length. 
Of the.minor acids, those with 20- and 22-carbon 
chain lengths are most significant quantitatively. In 
each case, monoenes and dienes occurred, and the dienes 
were most abundant. As noted by Bergmann (1963), fatty 
acids of highest molecular weight are often the most un-
saturated, though exceptions in the higher plants 6ertain- ~-
ly exist. 
It has been frequently observed in the literature 
that even-numbered fatty acids predominate in living 
creatures (Hitchcock and Nichols, 1971), and algae are no 
exception (Parker and Leo, 1965). The minor fatty acids 
of the salt marsh alga included odd-numbered carbon chains 
only in trace amountr3. It was possible to readily resolve-
·c13: 0 and ClS:O chromatographically and to identify them ~ 
on the basis of retention characteristics. Bromination 
followed by further _chromatography verified that the fatty 
acids were of the saturated type, supporting the retention 
.1·, . 21 
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- data. Parker et al. ·(196"7) . identifi·ed trace ·amount·s·--of 
odd-numbered fatty acids in several_ species of blue~green 
L '~ 
algae. No b~anched chain fatty acids are suspected to be 
I 
present within the algal material, and Parker et al. (1967r 
concluded tha·t such fatty acids are almost totally absent 
at least from the blue-green algae • 
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FATTY ACIDS OF LIVING' ·co·RD'G'RASS 
Stems and leaves of the viable smooth cordgrass 
(Spartina alterniflora Loisel) were analysed for fatty 
acids. It was found that the higher plant contained abun-
dant lipids, as nearly 13% of the dry we,ight was so~uble 
in methanol and chloroform. About 10% of the lipid frac-
tion was isolated in the form of fatty acid methyl esters. 
The chromatogram is presented as Fig. 3 and the ··results 
of quantitative analysis are given in Table 2. The data 
on the fatty acid compositio.n of Spartina alterniflora 
are similar to data collected by Jeffries (1972) and by 
Maurer and Parker (1967). Jeffries notes that fatty acid 
</} 
data on grasses commonly do not include the long chain 
acids ranging from 20-carbon to 22-carbon lengths, and 
that such acids are usually listed as unkn9wns. He does 
list data on c20:0' and furthermore notes that long chain 
unidentified fatty acids make up approximately 5% of the 
Spartina alterniflora fatty acids. This study of New 
Jersey cordgrass found 4.3% of the fatty acids to be long 
chain. 
Within the lipid fraction of the New Jersey alter-
. 
niflora, fatty acids ranging from 12-carbon up to 24-carbon. 
were identified primarily on the basis of retention times 
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Gas-liquid chromatogram~of Spartina 
alterniflora fatty aci·d extract. Key: 
~ 
a, solvent {n-hexane) ; b, 
.c12:o; 
c, cl4:o; d, cl6:0; e, cl6:l; f, cla:o; 
g, ·C1a:1; h, c1a:2; • cl8:3; • c22:o; 1, J ' 
k, ·C23:0; 1, c24:o· 
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TABLE 2. CORDGRA·ss FATTY- A·c·rns 
0 
Fatty Acid Grams/_Gram o·r·y Sample Per ·c·ent· ·comp·osi·tion 
12:0 Trace Trace 
13:0 Trace 
10-5 
Trace 
.. 14:0 2.22 1.2 X 
10-5 15:0 1.43 X 0.8 
16: 0 5.90 X 10-4 31.7 
16: 1 8.27 X 10-5 4.4 
18:0 ., 7.85 10-5 4.2 X ;, ~-~ ' ,.:; ~j-18:l 1.19 10- 4 6.4 -: X 
18:2 2.93 X 10- 4 15.8 •• ' ;:· 
18:3 5.81 X 10-4 31.2 
22:0 2.54 X 10-5 1.4 
23:0 4.12 X 10-5 2.2 
24:0 1.33 X 10-5 0.7 
-·· . 
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and on the basis of bromination as- a test-for unsaturation. 
The degree of unsaturation of the higher plant's fatty 
. 
acids is·not as great as that of the salt marsh alga. 
1
Apprqximately 57.8% of the cordgrass fatty acids were cal-
culated to be unsaturated. 
As with the alga, all of the major saturated and 
unsaturated fatty acids could be detected. C was the 16:0 
most abundant of saturated major fatty acids. The C / 16:0 
c18 :0 ratio is 7.50, a higher value than noted for the 
salt marsh alga. Of the unsaturated fatty acids, major 
or otherwise, c18 : 3 was the most abundant. Hilditch and 
Williams (1964) observe that the c18 : 3 fatty acid is the_ 
most abundant of fatty acids of the terrestrial grasses. 
Jeffries (1972) determined that of the fatty acids pro-
duced by S. alterniflora within a New England salt marsh, 
57.2% was c18 : 3 • Maurer and Parker (1967) found that the 
... 
Spartina alterniflora of a hypersaline lagoon in Texas 
contained less c18 : 3 , and the value reported was 32%~ 
Thi-s last value agrees closely with the 31 .. 2% c18 : 3 re-
ported in this study of a New Jersey salt marsh. Hitch-
cock and Nichols (1971) generalize that the fatty acid 
-· -
distributions of the leaves of higher plants are generally 
quite uniform.~ They conclude that though quantitative 
differences do occur, c18 :J' c18 : 2 ' and c16 :0 are the most 
_abundant of the leaf fa:tty acids. This is the case with 
smooth cordgrass as well. 
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The minor fatty acids are less significant quanti-
tatively in ,-the ·spartina than .in. the alga. Amon·g the long 
,. 
chain fatty acids, c2_Q:O was 9onspicuously absent, but 
c22 :0' c23 :0' and c24 :0 were detected. The identification 
of these fatty acids in Spartin~ alterniflora has .not been 
previously reported. Long chain saturated fatty acids are 
generally attributed to the leaf waxes and seed or fruit 
structures of higher plants, rather.than to tissues of 
lower plants or of animals (Miller, 1972), and have been 
considered as possible biological markers. 
0 
The c23 :0 fatty acid was not the only odd-numbered 
acid detected. c13 :0 and clS:O were identified also • 
. Sever et al. (1972) noted the presence of c23 :0 ·plus 
several other long chain odd-numbered fatty acids in a 
number of plane species inhabiting a Mississippi coastal 
bog. In reviewing the literature, Hitchcock and Nichols 
(1971) concluded that odd-numbered lower molecular weight 
fatty acids (such as clS:O and c17 : 0) occur in small 
amounts in the leaves of many higher plants. The present 
author assumed that within the confines of his study area, 
c 23 :0 could be used as a valid biological marker indi-
cating.the contribution of organic matter from Spartina 
alterniflora to surface sediments. Hitchcock and Nichols 
(1971) conclude that ~he occurrence of branched chain fatty 
acids is rare in higher plants, and chromatography of the 
· Spartina fatty acids does not sfiggest that any are present. 
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GEOCHEMISTRY ·o·p· PLANT" FATTY Ac·r·os '. 
As noted by Bergmann (1963), fatty acids have been 
)found in recent and ancient sediments, and in petroleums. 
Rhead et al •.. (1971) observed that fatty acids found in 
sediments have been subject to various transformations 
and do not faithfully reflect fatty acid distributions 
within living creatures that contributed organic substances 
tl 
to the sediments. 
Within the scope of this study, c16 : 0;c18 :0 ratios 
of living creatures and associated sediments have been of 
use in interpreting.early diagen~tic transformations of 
fatty acids. Eglinton (1968) points out that given a· · 
typical algal fatty acid distribution, predictable chang~s 
should occur upon introduction to reducing sediments. 
c16 :0 is more abundant than c18 :0 in living algae, but-.,the 
total of saturated and unsaturated 18-carbon fatty acids 
exceeds the total of unsaturated atid. saturated 16-carbon 
fatty acids. Under reducing conditions, addition of hy-
drogen~ a~ positions of unsaturation should yield saturated 
fatty acids of identical carbon chain length. Therefore, 
the transformation to be expected in a reducing environ-
ment would yield a·distribution where the abundance of 
c18 :0 shoul~ exceed that of c16 :o· ~- .•.. '" ••··: .- I 
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. In the case of oxidizing conditions, mainly by the 
action of aerobic bacteria, the bulk of fatty acids should 
be rapidly degraded. The residual fatty acids s~ouldobe 
largely of the saturated variety and furthermor.e these·· 
.. 
saturated fatty acids should more or less retain their 
original abundances. 
However, this view has been since modified by the 
work of Rhead et al. (1971), which was coauthored by 
Eglinton. It was observed that c16 :0 is the most abundant 
of the saturated fatty acids found in reducing marine 
sediments. The proportion of c18 :0 would have to be larger 
if hydrogenation of carbon-carbon double bonds was the 
only reaction occurring. An _experiment was carried out 
using isotopically tagged c18 : 1 . A quantity of the labeled 
unsaturated fatty acid was introduced to the surface sedi-
ments of the Severn Estuary and the products of short-
term diagenesis analysed. It was found that some of the 
fatty acid was transfo·rmed into the corresponding satu-
rated fatty acid within the span of a few days. As well, 
part of the original c18 :l was converted into 'c16 :0' c14 :0' 
and c .. 1.2 :o· Apparently then, early diagenesis involves 
both hydi6genation·and hydrogenation plus degradation to·. 
yield fatty acids of chain lengths equivalent to and 
smaller than .the starting product. This yields a theore-
tical c16 :0;c18 :0 ratio that more nearly reflects· those 
found in recent ··sediments. The transformation is believe·d 
29 
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to· be microbiological. 
The literature conc~rn~d with fatty acids of l~ving 
plants, animals, and· _sediments of.salt marshes is not ex-
tensive. c16 : 0;c18 :0 ratios calculated from data on the 
fatty acid distributions of recent surface sediments 
(Parker and Leo, 1967, Miller, 1972, Sever et al., 1972) 
yield values that average several times lower than those 
' 
of living algae and higher plants from similar environ-
ments (Parker and Leo, 1965, Jeffriei;~l972). Consider-
ing the work of Eglinton (1968) and that of Rhead et al. 
{1971), the comparison of c16 : 0;c18 :0 ratios of living 
creatures and associated sediments suggests to the present 
·: 
author that transformation of unsaturated fatty acids to 
the saturated state occurs in reducing sediments. One 
objective of this study was to determine if indeed such 
transformations could be detected within the sediments 
of a New Jersey salt marsh • 
. As already noted in the discussion of fatty acid 
biochemistry, within biological systems most fatty acids 
are even-numbered. This even-numbered predominance is 
maintained in recent sediments, and though it is also main-
tained in ancient s.ediments, the ratio of odd-numbered 
fatty acids tends to increase (Cooper, 1962). He suggests 
-that the generally higher ratios of odd-numbered fatty 
acids in ancient sediment~ can be attributed to their 
generation during diagenesis, probably through the 
30 
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' ' formation of decarboxylation products. Even-numbered acids 
may cleave to yield 1 odd-numbered acids and alkanes. Fur-
ther reaction of these products might yield even-numbered 
fatty icids. and alkanes. The end result of such a series 
of abiogenic transformations would be a distribution in 
which there was no preference for either odd- or even-
numbered carbon chains of acids and alkanes. Fatty acid 
distributions found by Cooper in the Eagle Ford Shale and 
associated petroleum reservoir waters display a tendency , 
in this direction. Cooper and Blumer (1968) further sug-
gested that the disappearance of the even-numbered carbon 
chain predominance with increasing age and depth of 
burial is an indication of the occurrence and intensity of 
chemical transformations of the fatty acids. 
It is believed by several authors that fatty acids 
contribute substantially to the genesis of petroleum by 
decarboxylation to~yield straight- and branched-chain 
alkanes . (Phillipi, 196 8) • The work of Thayer (1931) es-
t 
tablished-that the decomposition of fatt:y acids by marine 
bacteria yields only CH4 and co2 as decarboxylation pro-
ducts. This paper suggested that the decarboxylation of 
a fatty acid would not yield co2 plus the corresponding 
alkane. However, such decarboxylations have since been 
observed to be catalysed by various inorganic mechanisms 
likely to be operative during the diagenesis of sediments.· 
Jurg and Eisma (1964) heated c22 :0 to a temperature of 200 
31 
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degrees Celsius in the -presence of b·entqni te, both with 
and without water. The straight-chain 21-carbon alkane 
was the .. main product, strongly demonstrating decarboxyla-
' tion. A lesser quantity of straight-chain hydrocarbons 
·ranging from 24 to 36 carbons in l~ngth was also produced. 
This suggests that the longer chain hydrocarbons det~cted 
in ancieni sediments need not be formed from fatty acids 
.of similar cha.in length. 
The presence of carbonate apparently is· significant 
during diagenetic transformations of fatty acids. It was 
found by Meyers et al. {1971) that calcite absorbs fatty 
acids from solution and selectively removes natural lipid 
material from seawater. Shirnoyama et. al. (1972) observed 
that the degradation of fatti acids to alkanes is promoted 
by the presence of calcium carbonate, and that the mecha-
nism involves beta cleavage of the fatty acid carbon chain. 
The authors suggest that such transformations may occur 
during burial of carbonate rocks. 
It can be assumed from the li teratur_~-ei ted thus 
far that the distributions of fatty acids of ancient 
sediments do not necessarily resemble those of recent 
sediments, or those of living organisms contributing or-
ganic substances to sediments. Nevertheless, certain 
fatty acids or characteristic qualitative or quantita~ive 
distributions of fatty acids may be of use as biological 
markers. Eglinton (1968) defines the term ~iological 
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marker as "a compound the structure of which can be inter-
. 
. preted in t~rms·of a previous biological-origin. To be 
useful, the compound must have sufficient stability to 
survive long per,iods of time, and sufficient complexity of 
structure (positional, and relative and absolute configura-
tion) to render it very distinctive." He goes on to state 
that the compound may beintact or in the form of a deri-
,. 
The mere presence of fatty acids in a sediment is 
probably indicative 0 1f former biological activity, but the 
case is strengthened when the type of fatty acid~ present 
and their relative abundances .. can be compared with those 
of living creatures. For example, branched-chain fatty 
acids have served as biological markers. They are as 
stable as other saturated fatty acids, have an unusual 
structure unlikely to be abiogenically synthesized, and 
are known to occur mainly within the lipid fraction of 
marine bacteria (Parker et al., 1967). Therefore, the 
occurrence of branched-chain fatty acids in recent sedi-
ments is taken to indicate·the presence of organic matter 
derived from bacteria (Cooper and Blumer, 1968) • · 
The-presence of saturated long chain fatty acids. 
is believed to be due to a contribution of orgariic matter 
from terrestrial plants (Miller, 1972). However, the use 
, of saturated long chain fatty acids as a biological marker 
f9r~ this purpose may not be reliable in sediments where 
33 
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diagenetic fatty acid transformations have occurred. In 
·this case the. saturated long·· chain structu~e becomes am-
biguous as it may be derived biogenically or abiogenically. ~ 
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FATTY Ac·ros· o·F· ALGAL-DE.RIVED 
SE.DIMENTARY ORGANIC MATTER 
It seems reasonable to assume that the algae we.re 
the greates:~t contributors of fatty acids to its associated 
sediments merely on the basis of visual inspection of the 
environment. Yet, the fatty acid distributions of algae 
and related sediments differ both qualitatively and-quan-
·titatively. Some of the differences are due to the intro-
duction of fatty acids tentatively identified as branched-
chain, and which are generally regarded as biological 
markers indicating the presence of bacteria (Blumer et al., 
1969). Branched-chain fatty acids have been identified 
by Oro et al. (1967) in algal mats of mud flats, and these 
have been attributed to bacteriaw Other differences be-
tween distributions of fatty acids of the living algae and 
associated sediments are here ~uggested to be the result 
of the transformation of unsaturated fatty acids to the 
saturated state. 
In order to define the nature of the reducing en-
vironment, Eh values of cores were evaluated using an Orion 
M9~el 404 portable meter equipped with a combination Eh/pH 
electrode. Cores were collected with a Hvorslev coring 
device and. were split open at once to provide an uncon~ 
taminated surface for measurements. Eh was measured at 
35 
I 
4 cm· intervals~. 
·.The· algal sampling sit'?,· inundated at low tide". 
,J 
during most of the,year, is a zone where negative Eh values 
occur a few mm below the water-sediment interface •. The Eh 
data are interpreted to indicate that the fatty acids de-
tected.have been exposed to a reducing environment shortly 
after deposition. 
'· . Duplicate measurements of·· 9 · 'cores of 22 cm length 
revealed that_. Eh values tended towards negativity from 
the surface to a depth of 6 cm, and then continued towards 
negativity with increasing depth though at a lower rate 
(See Fig. 4). The maximum negative Eh value recorded was 
~ 
-43 millivolts. The negative Eh values indicate that it 
is possible for the inorganic reduction of hydrogen ion 
to the zero valence state to occur. Conceivably, the H2 
evolved (by the formation of iron sulfides) could bring 
about hydrogenation of carbon-carbon double bonds (Eglin-
ton, 1968). However, within the scope of the present 
study, such a mechanism cannot be differentiated from .. 
enzymatic conversions such as those noted by Rhead et· a·1. 
{1971). 
The chromatogram o;f fatty acids of alga~-derived 
organic matter is reproduced as Figure 5, and the quanti-
tative data are given in Table 3. To render the following 
discussion more clear, the per cent composition of fatty 
. 
acids of 16 or more carbon atoms of the living algae and 
36 
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related sediments are presented graphically as Figure 6. 
c16 : 0;c18 :0 ratios of th~ algae and sediment differ 
. 
.- ... -/· ' 
markedly. The c16 : 0;c18 :0 ratio of the algae was found to 
be 4.3, while that of associated sedimentary organic matter 
was ·found to be 1.1. According to .the modified model of 
Eglinton, ··(1968) this decrease in the rel·ative abundance 
of c16 :0 suggests·that conversion of c18 ;1 , c18 : 2 ' and 
c18 : 3 to ClB:O has occurred in the salt marsh11"sediment.s ... ;,:_: .. ·. 
Additionally, longer chain unsaturated fatty acids 
derived from the algae exhibit evidence of conversion to 
saturation. This has not been-previously reported in. the 
literature. The salt marsh algae studied contain no satu-
rated fatty acids of 20 or more carbons, though it do.es. 
contain .unsaturated fatty acids of 20 or more carbons. 
This is typical of some algal fatty acid distributions. 
Miller (1962) noted that though algae include fatty acids 
up to 24-carbon chain length, those greater than 16 car-
bons in length are characteristically largely unsaturated. 
Analyses of fatty acids of blue-green algae~by Parker and 
Leo (1965) and Parker et al. (1966) did not suggest the 
presence of saturated fatty acids greater than 18-carbon 
chain length. However, the algal-derived sedimentary or-
ganic matter of surface sediments at the New Jersey salt .. 
marsh contained significant amounts of c20 :0 and c22 :0 
fatty acids. 
The possibility of significant contamination from 
,. 
37 
..... , 
\ 
.l 
,. 
j 
t 
~-.. ~· ,., . - -.. 
Eh .. 
··11· · It fflllVO-S 
'· 
·40 
.... 30 
-20 
-10 
Depth,cm 
• ·2 6 
-~ ---·-
\ 
. . 
.. or. 
;. .... 
10 14 18 22 
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Fig. 5. Gas-liquid chromatogram of fatty acid extract 
of algal-derivedvsedimentary organic matter. 
Key: a, solvent (n-hexane); b, c12 t 0 ; c, c15 : 0; 
d, cl6:0; e, cl6:l; f, clB:O; g, clB:l; h & i, 
clB:2 & c20:o doublet; j, cl8:3; k, c22:0; 1, 
22:1; m, 22:2. 
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TABLE 3 • FATTY Ac·rns· OF· AL.GAL-·o·E·RIVED 
SEDIMENTARY ·o·RGAN·1·c· MATTER 
• 
Fatty Acid Grams/Gram Dry Sample Per Cent Composition 
10-6 . ' 10:0* 3.55 1.0 · .. i X ' 
12:0* 10-6 I 5.81 X 1.7 i ' 
13:0* Trace 
10~5 
·Trace 
j•~ 14:0* 1.36 3.9 X . :\1 
10-6 :2__. __ ,_ - 14:1* 4.40 X 1.3 
15:0* 4.39 X 10-5 12.7 
16:0 4.84 X 10-5 14.0 
16:1 3.55 X 10-s 10.3 
18:0 4.55 X 10-5 13.2 
18:1 6.65 X 10-5 19.3 
18:2 2.97 X 10-5 4.3 
18: 3 · 1.10 X 10-5 3.2 
20:0 3.26 X 10-s 4.3 
22:0 1.14 X 10-s 3.3 
22:1 6.84 X 10-6 2.0 
2.2: 2 1.84 X 10-5 5.3 
*Minimum values 
\. 
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. other plants and animals of the -salt marsh was considered 
and rejected.- The c20 : 0 fatty acid w·as not found to be · 
tJ 
present within the s·tems- and leaveij. of living smooth cord-
grass adjacent to the sampling area. Analyses by Jeffries 
(1972) of plants of a New England salt marsh indicated 
that living s. alterniflora as well as two other plants 
-
also found at the Marmara, New Jersey, salt marsh ( S. 
patens and Ruppia _maritima) did not contain·c20 :o· 
The s. alterniflora could conceivably have been a 
significant contributor of c16 :0' clS:O' c22 :0' c23 :0' and 
c24 :0' as these fatty acids were detected withiri living 
plants collected near the sampling site. However, the pos-
sibility of significant contamination from this source was-
i ruled out because no c23 :0 or c24 :0 could be detected with-
in the sediments. The unusual, odd-numbered fatty acid 
c23 :,O is expected to be relatively stable inasmuch as it 
is saturated. As well, it has been noted that bacteria 
mat' have a tendency to consume even-numbered fatty acids 
in preference to those of ·odd-number (Cooper, 1962). The 
stability postulate is supported by the fact that the 
c23 :0 was observed to persist at depths of 22 cm within 
sediments of the s. alterniflora zone. The even-numbered 
c24 :0 fatty acid wa~ also easily detectable at depth with~ 
in the S. al ternifl·ora sediments. 
Marine animals are unlikely contributors of satu-
rated long chain fatty acids, though thet ar~ notably rich 
. ." 
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in highly unsaturated fatty acids of 20, 22,. and 24 ca·rbons ·'~-
(Bergm~nn, 1963). Analysis of the flesh of the salt marsh 
snail Melampus · ·bi·dentatus · noted to be abundant within the 
inundated algal sampling area detected 'no saturated fatty 
.. 
acids with greater than 18 carbons {Fig. 7). Analyses by 
Jeffries (1972) of two species of fish and one shrimp col-
lected at a New England salt marsh included trace amounts 
of c20 : 0 , but marine animals of this ·nature are assumed to 
be only insignificant contributors of organic matter to 
the sampling area. The lipids of marine bacteria are un-
likely to include long chain saturated fatty acids (Oro et 
al., 1967, Blumer et al., 1969). 
\_Comparison_ of algal and algal~derived sedimentary 
~ 
\ 
fatty acid distributions indicates, therefore, that some 
transformation of unsaturated fatty acids does occur with-
in sediments of the salt marsh. In order to evaluate the 
respective influences of hydrogenation and degradation, 
an isotopic study .similar to that of Rhead et al. (1971) 
would be useful. 
In order to make certain that no c20 :0 was present 
in the algae, even in trace amounts, an aliquot of the~ 
fatty acid methyl esters was brominated. The bromination 
~ procedure removed the c18 : 2 peak, a fatty acid methyl 
. ester with similar gas-liquid chromatographic properties, 
and demonstrated that indeed no c20 :0 was present. · .. In 
the sediments, the appearance of significant amounts of 
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Fig. 7 ... Gas-liquid chromatogram of fatty acid extract 
of Melampus bidentatus. Key: a, c 16 : 0 ; b, c 16 : 1 ; 
c, cl8:0; a, cl8:l; e, cl8:2; f & g, c20:1 & 
cl8:3 doublet; h, c20:2; i, c22:l; j, c22:2· 
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· · c 20 : 0 was accompanied by the disappearance. of c 20 : 1 , .· pre"'."' 
" . 0 
sent in trace quantities within the algae, and the dis-
appearance of c20 : 2 which was present as a minor acid in 
the living algae. Unsaturated minor fatty acids of 22-
carbon chain length are present in the living algae (c22 :l 
. 
and c22 : 2), but the saturated c22 :0 is not present. With-
in the organic sedimentary material, c22 :0 appeared and 
the relative abunc;ian.ce of c2 2 : 1 and c2 2 : 2 decreased • 
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. . FATTY' A·c·rns· OF' THE' 'C'ORD'GRAs·s· ·zoNE 'SED'IMENTS . 
Visual examination of the sediments of the Spa·rtina 
alterniflora zone reveal·ea a composition i:n good part com..;. 
posed of living and dead cordgrass roots, plus dead cord-
grass leaves and stems. Sediments collected from the 
-t surface of the marsh down to _a depth of 11 cm, and from. 
that depth to 22 cm, ·display a fatty acid distribrition 
that is clearly related to that of the living S. alterni-
- ----
flora. Chromatograms (Figs. 8 and 9) and quantitative 
" data (Tables 4 and 5) are presented. It can be noted 
that each fatty acid identified within the living cord-
. ' grass is found within.sediments with the single exception 
of c18 : 3 in the lower depth zone. This is predictable 
because highly unsaturated fatty acids are notably un-
stable. However, some additional fatty acids are present 
in smaller quantities that indicate a contribution from 
•• j" . 
other sources. The unsaturated fatty acid c20 : 2 is pre-
sent in trace quantities and probably reflects an addition 
from algae growing on the marsh surface, or from some 
marine animal. Also present are small amounts of tenta-
tively identified branched-chain fatty acids which appa-
rently derive from bacterial activity as they are not 
found within algae or within marsh plants. 
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TABLE · 4 • FATTY ACIDS' OF CORDGRAS'S' ·z·oNE· 'SEDI'MENTS, 
· ·o· 1r·o· 1·1· ·cM 
.Fatty Acid Grams/Gram Dry Sample Per Cent Composition 
12:0*' 6. 21 X 10-6 6.5 
13: O*. Trace 
10-6 
Trace 
14:0* 6.68 X 7.0 
10-6 
,.:.:,·.;.;.,-., 
15: 0--~ 6.99 X 7.3 ~ 
16: 0 2. 21 X 10-5 23.0 
16: 1 1.49 X 10-5 15.5 
18:0 1.24 X 10-5 12.8 
18:1 1.10 X 10-5 11.·3 
18:2 1.15 X 10-5 12.0 
18:3 1.86 X 10-6 1.9 
20:2 Trace 
10-6 
· Trace 
22:0 1.56 X 1.6 
23:0 7.25 X 10-7 0.8 
24:0 4 .13 X 10-7 0.5 
*Minimum values. 
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TABLE ·s. . 'FATTY. A·c·r·o·s· ·o·F· ·c·o·RD"GRAs·s· ·z·oNE" "SED'IMENT'S' 
. . ·1·1· ·To· 2 2· ·cM 
Fatty Acid Grams/·Gram Dry Sample 
12:0* 1.45 X 10-6 ·2. 7 
13:0* Trace ' Trace 
-6 14:0* 2.04 3.7 X 10_6 15:0* 4.24 x·lO 7.8 
-5 16:o· 1.39 X 10_ 6 25.4 16:1 2.42 X 10_6 4. 4 . 18:0 8.10 X 10_6 14.8 18:l 3 .03 X 10_6 5.6 18:2 8.60 X 10_6 15.7 22:0 4.02 X 10_ 6 7.3 23:0 1.15 X 10_6 2.1 24:0 5.82 X 10 10 .1 
*Minimum values. 
. I. 50 
,0 
•• , ! -
:.•, .. :. :. .. -· 
J 
... -··"'·. 
- .;: 
I 
"-- -
In c·omparing~ the fatty acid ·distributions .of the 
living Spartina alte·rniflora,.,sediments from O to 11 cm 
depth, and sediments from 11 to 22 cm depth, it can be 
s.een that the relative abundarice _of unsaturated· fatty acids 
decreases· with depth. While the living plant's fatty acid 
content is over 50% unsaturated, that value drops to 40.7% 
unsaturated in the uppermost sediment sample to 17.8% in 
the lower sediment sample. This trend is frequently ob-
served in marine sediments (Parker and Leo, 1965). 
It is difficult to determine the fate of these un- -
·saturated fatty acids within the sediments, but at least 
part of them have been converted to the saturated state. 
The c16 : 0;c18 :0 ratio of the cordgrass is 7.5, while that 
of the top sediment sample is 1.79, and that of the lower 
sample is 1.73. This indicates that conversion of 18-
-.. 
carbon unsaturated fatty acids to the corresponding satu-· 
rated fatty acid has occurred.· 
An unusual feature of the fatty acid distributions 
is the great enrichment of saturated fatty acids of longer 
chain length in the 11 to 22 cm dep\11 zone of the sedi-
1 
ments. In the living plant and in associated surface sedi-
ments, the proportion of saturated fatty acids of chain 
length greater than 20 carbons is less than 5%. However, 
the lower sediment depth zone included 17·. 5% saturated 
long chain fatty acids. This enrichment lacks explanation. 
However, the same trend can be noted -in surficial sediments 
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of. a Mississippi coast.al bog ~ver et al., 1972) • tt is 
the present author's view that this asp~ct of fatty acid'. 
J 
geochemistry would profit from further investigation. 
The cordgr~ss zone represents reducing sediments, 
but these sediments exhibit Eh t~nds.different from those -
. -
that characterize the surficial sediments of th~ algal 
sampling site. Working with duplicate measurements of 6 
. 
cores of 22 cm length, it was observed that slightly nega-
. ' 
tive potentials (occasionally positive as well) occurred 
in the uppermost layers of the sediment. These Eh values 
tended to become more negative with increasing depth. The 
negative Eh values similar to those noted.at the surface 
of the algal sampling area do not occur in the S.partina 
' 
alterniflora sampling area until a depth of 18 cm has been 
reached (Fig. 4). ~ 
It is apparent that the drier marsh grass zone re-
presents a mixed environment where both oxidizing and re-
ducing conditions occur in the uppermos·t sediments. Chan-
nels formed.by the decomposition of marsh flora roots are 
conduits for ·the admission of oxidizing fluids, as are 
the burrows of various salt marsh infauna. This differ-
ence in Eh is reflected in the- color of sediments. The 
upper part of the s. ~lterniflora zone cores are in part 
colored rust-brown, while at depth the c.ores are charac-
teristically a uni.form .,g"£ay. The algal sediment zone cores 
.. 
are characteristically gray in color. 
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The transformation of long chain unsaturated fatty 
acids to the saturated state d~ring the earliest stages 
of diagenesi_~_ has organic geochemical significance.· First-
ly, the initial sur_vivability of unsaturated fatty acids 
.is enhance.d by their early conversion to the more stable 
saturated form. In· this way, more fatty acid may survive 
inclusion within ancient sediments and perhaps eventually 
contribute to the genesis- of petroleum. Secondly, the 
conversion of the longer chain unsaturates to saturated 
fatty acids of equivalent length. suggests that certain 
assumptions concerning the use of such acids as biological 
markers may not be entirely correct. 
The long chain saturated fatty acids are generally 
. 
taken to indicate the former presence of higher plants 
when found in recent and anciierit sediments (Miller, 1972). 
This l~e of reasoning was used by Bradley (1970) and 
".,,__ 
Han et al. (1968) in consideration of the significance of 
,. 
fatty acid distributions within the Eocene Green River 
Shal·e. Various lines of evidence make it ·certain· that the 
major source of organic matter in the ancient Green River 
lakes was from microscopic organisms, and of th.ese algae 
were by far the most significant contributors. Remains 
i' 
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· ... · oi~highei .. pi~~~~ -a~e found along ~he margins of these· 
ancient · inland lakes, bu"t such· fragments do not occur in 
" 
areas further from the paleoshoreline. · Yet, the fatty 
acid distributions noted within the shale include saturated 
fatty acids that are of greater chain length than could 
be supplied by algae. Bradley therefore suggests that a 
j likely source ·for these fatty acid~- is the contribution 
. 
of organic matter from higher plants in the form of pollen 
floated out and wind-blown to areas formerly miles from 
shore. It seems more reasonable to the present author to 
assume that at least part of the long chain fatty acids 
may be the result of early diagenetic ·hydrogenation, and 
.. 
that other long chain fatty acids were produced abiogeni-
cally during later diagenesis (Cooper, 1962). 
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From this study of the early diagenesis qt.fatty 
acids of algae an~ cordgrass in salt marsh sediments, cer-
tain conclusions may be drawn. 
:.\ .. 
' . 
1. The saltimarsh algae was a source of unsaturated 
long chain fatty acids while cordgrass provided 
saturated long chain fatty acids, including the 
unusual odd-numbered c23 :o· 
2. Unsaturated algal-derived fatty acids of 18, 20, 
and 22 carbons have been transformed to corres-
ponding saturated fatty acids within surface 
sediments of the salt marsh. 
3. An enrichment of long chain saturated fatty 
' , 
acids was noted in sedimenis sampled from 11 to 
22 cm in depth in the cordgrass zone. 
4. From consideration of the data presented, it 
appears that more caution should be exercised 
in_ the use of long chain saturated fatty acids I 
as biological markers indicating the former pre-
sence of terrestriil plants. 
-5. Early transformation of unsaturated fatty acids 
to the saturated state renders them more likely 
to persist over geologic time, and possibly-to 
eventually contribute to petroleum formation. 
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